BACKGROUND: single-institution studies demonstrate a correlation between preoperative pelvic radiation and poor long-term pouch function after iPaa. the rarity of the radiated pelvis before these procedures limits the ability to draw conclusions on the effects of preoperative radiation on short-term outcomes, which may contribute to long-term pouch dysfunction.
benefit to patients with concomitant rectal cancer and indications for iPaa, the outcomes associated with the preoperative radiation are unique for these restorative procedures. [4] [5] [6] [7] [8] [9] the literature indicates that preoperative pelvic radiation significantly inhibits long-term ileal pouch function. [10] [11] [12] the mechanism by which radiation inhibits pouch function is not clear; however, it may be related to radiation-induced sphincter damage. 8, 9, 13 significantly worse long-term functional outcomes for patients with iPaa and their associated quality of life have also been correlated with short-term complications, such as anastomotic leaks and pelvic sepsis. 14, 15 the literature on radiation and iPaa has had limited power to differentiate short-term outcomes as a contributor to long-term pouch function in radiated and nonradiated patients undergoing iPaa because of small sample sizes. the american College of surgeons national surgical Quality improvement Program (nsQiP) data set provides a larger, multi-institutional patient cohort for examination and delineation of differences in short-term outcomes for patients undergoing iPaa with and without preoperative pelvic radiation, with these short-term outcomes potentially serving as surrogate markers for long-term pouch function.
our aim was therefore to investigate differences in short-term outcomes for patients who have undergone radiation before iPaa as compared with nonradiated iPaa patients. We hypothesized that patients undergoing iPaa formation with a history of radiation would have more nsQiP-recorded short-term complications compared with nonradiated patients.
METHODS
Data were obtained from the nsQiP participant use data files for 2005-2011, 16, 17 with variables defined and database parameters as described. 18, 19 included were nonemergent iPaa procedures (Current Procedural terminology codes 44158, 44211, 45113, and 44157) performed by general and colorectal surgeons at nsQiP-participating hospitals. Recorded postoperative diagnoses were categorized as cancer, iBD, or other, when cancer or iBD was not explicitly specified. Receipt of radiation within 90 days before surgery, as coded in the nsQiP, 16 was tested using univariate logistic regression for correlation with occurrence of 15 individual nsQiP-recorded 30-day complications 16, 17 and the composite variable of any complication. the sepsis variable was a composite of systemic sepsis and septic shock. univariate p values were provided by fisher exact test comparisons of the proportions of patients experiencing each complication who did or did not receive preoperative radiation, with significance set at p < 0.05. Differences in nsQiP-recorded preoperative and intraoperative patient characteristics between groups receiving and not receiving preoperative radiation were compared using the fisher exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. for categories with more than 2 levels, pairwise p values were adjusted using the false discovery rate correction for multiple comparisons. 20 separate analyses included all of the patients, as well as only those with cancer diagnoses. Patient factors showing unequal distribution between patients who did and did not receive preoperative radiation or that showed univariate association with septic complications at p < 0.2 were included in multivariate logistic regression models to assess the independence of the preoperative radiation effects. overall preoperative risk was assessed using estimates from the validated iowa Rectal surgery Risk model. 19 
RESULTS

Patient Characteristics and Complications
included in the analysis were 3172 patients who received nonemergent iPaas between 2005 and 2011. of these, 162 received preoperative radiation. Patient diagnoses included iBD (64.0%), cancer (18.9%), and other (17.2%). the procedures performed were laparoscopic total proctocolectomy with iPaa (34.7%), proctectomy with iPaa (26.4%), total proctocolectomy with ileal-anal anastomosis (10.2%), and total proctocolectomy with iPaa (28.2%).
Preoperative characteristics of the patient cohort appear in table 1. Compared with all of the patients who underwent iPaa without receiving radiation, patients who received radiation were significantly older (median age, 55 vs 43 years; p < 0.001), more likely to require antihypertensive medication (33.3% vs 20.1%, p < 0.001), and more often had unintentional weight loss of >10% of total body weight (9.3% vs 4.9%; p = 0.02). Patients receiving radiation also had an increased incidence of diabetes mellitus (13% vs 6.4%; p = 0.003), cardiovascular disease (6.8% vs 2.5%; p = 0.003), and smoking (20.4% vs 11.7%; p = 0.002). the radiation group was significantly less likely to have used steroids or immunosuppressants in the 30 days before surgery (1.2% vs 28.2%; p < 0.001), had lower average preoperative white blood cell count (mean, 4700/μl vs 7300/μl; p < 0.001), and less often had surgical wounds classified as contaminated or dirty/infected (4.3% vs 13.9%; p < 0.001). to compare overall preoperative risk between patient groups, average iowa Rectal surgery Risk model morbidity probabilities were determined for the groups receiving and not receiving preoperative radiation. 19 the group receiving preoperative radiation had a significantly lower average predicted morbidity probability based on preoperative characteristics (30.2% vs 34.3%; p < 0.001), indicating a slightly better general preoperative risk profile among patients receiving preoperative radiation.
fifteen nsQiP-defined 30-day mortality and morbidity outcomes were analyzed, with an observed overall complication rate of 34.7%. the overall complication rate was lower among patients receiving preoperative radiation compared with those who did not, but this difference did not reach significance (27.8% vs 35.1%; p = 0.06). Rates of individual complications were compared between groups (table 2). the only individual complication showing a significant difference between groups was sepsis, which occurred less frequently among patients receiving preoperative radiation (2.5% vs 8.5%; p = 0.005).
Subset of Patients With Cancer Diagnoses
nearly all of the patients who received preoperative radiation had a postoperative diagnosis of cancer (157 of 164). to minimize the influence of possible unmeasured differences between patients with and without cancer, an analysis was performed that was limited to patients with postoperative cancer diagnoses (n = 598). Characteristics of the subset of patients with cancer diagnoses who did not receive radiation (n = 441) and those with cancer diagnoses who did receive preoperative radiation therapy (n = 157) are shown in table 1. as with the overall cohort, the cancer-limited preoperative radiation group remained significantly less likely than the cancer-limited no preoperative radiation group to be taking steroids or immunosuppressants, to have a surgical wound classified as contaminated or dirty/infected, or to have a higher predicted rate of morbidity. other perioperative characteristics were similar between the groups.
an overall complication rate of 32.1% was observed in the cancer diagnosis cohort. Receipt of preoperative chemotherapy (n = 62) was not significantly associated with the rate of total complications or sepsis in either the overall or the cancer diagnosis cohort (p > 0.05 for all). total complication rates for patients who received preoperative radiation did not significantly differ from patients who did not receive preoperative radiation (table 2) . as in the overall iPaa population, in this cancer diagnosis subset, a significantly lower incidence of sepsis was recorded among patients who received preoperative radiation (2.5% vs 7.9%; p = 0.02).
Multivariate Analysis
to determine whether the unexpected finding of lower sepsis rates in patients receiving preoperative radiation was attributable to differences in patient and disease characteristics between the radiation and no-radiation groups, multivariate analysis was performed to determine independent predictors of sepsis after adjusting for these factors (table 3) . multivariate models included factors potentially influencing the risk of sepsis, such as the procedure performed, a history of cardiovascular disease, contaminated or dirty/infected wound classification, preoperative white blood cell count, use of antihypertensive medications, performance of additional procedures beyond the primary procedure, preoperative weight loss >10% of total body weight, and the presence of disseminated cancer. after adjustment for these factors, receipt of preoperative radiation remained significantly correlated with lower rates of sepsis (p = 0.03). other factors independently associated with postoperative sepsis included diabetes mellitus and the use of antihypertensive medications (p < 0.05).
Because of the smaller number of patients in the cancer diagnosis subgroup, factors included in multivariate analysis of this cohort were limited to those showing significant univariate association with sepsis at p < 0.05 (table 4) . Because no patients in this cohort received both radiation and steroids, steroid or immunosuppressant use was not included in this model. after limiting the analysis to patients with cancer diagnoses, the multivariate model again showed radiation treatment to be a significant independent predictor of lower postoperative risk of sepsis (p = 0.047). no other factor showed significant independent association with sepsis risk in the cancer diagnosis subgroup.
DISCUSSION
in comparison with patients not receiving radiation, radiation treatment in the 90 days before surgery did not portend worse overall 30-day outcomes and, interestingly, was shown to correlate with lower rates of postoperative sepsis, even after multivariate adjustment for confounding factors. the impact of preoperative pelvic radiation on outcomes of iPaa has only been studied in small case series, many of which include patients with postoperative pelvic radiation of the ileal pouch. 1, 7, 12 Despite the small number of patients in these series, the results are striking in their findings of poor functional outcomes for patients with a radiated pelvis pouch. 7 in 1 study, pouchitis occurred in 66.0% (6/9) of pelvic radiated patients who underwent iPaa, and pouch failure occurred in 44.4% (4/9) of patients on long-term follow-up (median follow-up, 49.9 months). 7 one possible explanation for these poor functional outcomes can be extrapolated from data on low anterior resection for rectal cancer. 8, 12, 13 in patients with locally advanced rectal cancer who undergo low anterior resection, pelvic radiation has been shown to significantly inhibit anorectal function. 9,12,21 some pouch dysfunction may therefore be attributable to analogous radiationinduced anorectal dysfunction in patients undergoing iPaa; however, this single mechanism is likely insufficient to explain the high rates of pouch failure and pouchitis observed by Wu et al. 7 another potential explanation of long-term pouch dysfunction and failure would be an increased incidence of pelvic sepsis in radiated patients undergoing iPaa. 1, 14 Wu et al 7 found that patients who underwent iPaa after pelvic radiation experienced higher rates of pelvic sepsis. this difference was not statistically significant compared with nonradiated patients undergoing iPaa, but it was hypothesized that the small sample size of the study resulted in limited power to detect this difference. in contrast to these findings, our results from a much larger sample show no increase in 30-day complications including surgical site infection and sepsis for iPaa after pelvic radiation. thus, although it may be true that many pouches created in the radiated pelvis fail, our results support that this failure is not because of higher rates of short-term complications. instead, the lack of increased sepsis after radiated iPaa suggests that pelvic radiation has deleterious effects on long-term pouch function in a manner that could not be measured within the time frame of nsQiP data collection. the exact mechanism by which this damage produces pouch failure remains uncertain. future, multi-institutional studies, potentially including manometric assessment of pouch and anal function, will be necessary to recruit the numbers of patients necessary to elucidate how preoperative radiation inhibits long-term pouch and anal sphincter function. that preoperative radiation was associated with a lower risk of sepsis, even after multivariate adjustment for con-founding factors, was unexpected. Given the well-established deleterious effects of radiation on healing and tissue quality, it is likely that this strong statistical association reflects the impact of unmeasured factors and selection biases not captured by nsQiP. for example, because pouch creation in an irradiated pelvis is known to be risky, it may be offered only to those patients who are perceived to be the best operative candidates. Results of the iowa Rectal surgery Risk model predictions support this interpretation. although the radiation group was older and had higher rates of some comorbidities (diabetes mellitus, hypertensive, heart disease, smoking history, and weight loss) than the no-radiation group, the radiation group had significantly lower predicted morbidity, indicating that they were overall a more robust population. Restricting the analysis to patients with cancer diagnoses was an attempt to minimize potential unmeasured differences between patients with cancer undergoing iPaa and patients undergoing iPaa with benign diagnoses. Diabetes mellitus, which has been reported to confer a greater risk of pouch failure, 22 was associated with lower sepsis risk in the overall cohort but not in the cancer-only subset, suggesting that limiting the analysis to patients with cancer was successful in controlling some unmeasured biases. still, the persistent difference in the rates of steroid and immunosuppressant use between the radiated and nonradiated groups hints at residual unmeasured selection factors at work. Preoperative radiation may have been omitted in patients with ongoing inflammation from their iBD requiring steroids and concomitant rectal cancer because of concerns for patient tolerance and morbidity associated with radiating an already inflamed rectum. 23, 24 alternatively, these higher-risk patients may have received radiation and then been offered operations other than iPaa. Because of the fact that no iPaas were performed in patients with cancer who received radiation and also required steroids, we favor the latter explanation. Knowing the difficulties of iPaa in the irradiated pelvis under the best of circumstances, surgeons likely did not offer this operation to patients requiring steroids, and this selection difference may account for the statistical association of radiation with lower rates of sepsis. still, although higher rates of steroid exposure in nonradiated patients undergoing iPaa likely contributed to their higher rates of sepsis, how much of the difference resulted from cumulative patient selection effects versus specifically from steroids cannot be determined from these data. finally, iPaa in the irradiated pelvis is likely performed predominately by experienced surgeons at specialized centers, and the extent to which this influenced outcomes is not known.
When interpreting these results, several additional nsQiP-specific limitations must be considered. first, as with any retrospective nsQiP analysis, our data are limited in follow-up time, data included, and clinical dimensions captured. 17 nsQiP-defined variables apply to a wide variety of surgical procedures and are potentially less applicable to this highly specialized procedure and patient population. for example, although pelvic sepsis and ileoanal anastomotic leak are associated with worse pouch outcomes, 14, 15 nsQiP-defined sepsis and surgical site infections do not specifically identify these outcomes as related to the pouch-anal anastomosis. second, although many potential risk factors for complications are tracked by nsQiP, patient selection criteria and any preventative measures taken before the procedure cannot be identified, which may lead to an underestimate of the risk of certain postoperative occurrences. 17 nsQ-iP likewise does not record whether a diverting ostomy was performed. lastly, preoperative radiation therapy is defined by nsQiP as receipt of radiation in the 90 days before surgery, but the type, amount, and location are not recorded. our results make the assumption that the radiation received was pelvic radiation for an associated rectal cancer, because it is likely that nearly all of the radiation was for this reason, but we are unable to exclude radiation given for other indications. Despite these limitations, nsQiP represents a robust and validated outcomes database, and its multi-institutional nature permits study of a large cohort of radiated patients undergoing iPaa that is not likely available through any other methodology.
CONCLUSION
analysis of the nsQiP database indicates that patients who undergo iPaa after receipt of preoperative radiation have overall 30-day complication rates similar to patients who do not receive preoperative radiation. Receipt of radiation before iPaa was associated with a significantly lower risk of sepsis, a finding that persisted after multivariate adjustment for confounding factors. these results support that high rates of long-term pouch failure reported in the literature after iPaa in the irradiated pelvis are not attributed to increased short-term complications.
